We present experimental results on single crystal CeRu 2 showing that the extent of history dependence of peak-effect depends on the path followed in the space of field (H) and temperature ( T ). The (H,T) regime over which history effect is observed is larger if the vortex lattice is prepared by lowering T from above T C in constant H i.e. by field cooling. We compare this history effect with the very recently reported history dependence of peak-effect in detwinned single crystals of YBaCuO, highlighting the similarities and differences. We discuss the possibility of a first order vortex solid-solid transition in CeRu 2 within the realm of recent theoretical developments in the field of vortex matter.
I. INTRODUCTION

Recent theoretical
1-4 and experimental [5] [6] [7] The Bragg-glass has long range order and it is expected to melt to vortex liquid at high temperature through a first order transition. Experimentally, the indication of a first order transition usually comes via a hysteretic behaviour of various properties, not necessarily thermodynamic ones. In HTSC samples also initial suggestions of a first order melting transition came via distinct hysteresis observed in transport property measurements [9] [10] [11] . The confirmatory tests of first order transition ofcourse involve the detection of discontinuous change in thermodynamic observables and the estimation of latent heat, and this has subsequently been achieved for vortex melting in HTSC materials through magnetization 12, 13 and calorimetric measurements 14 . There also exists a less rigorous class of experimental tests which involves the study of phase co-existence and supercooling across a first order transtion. This kind of experiment has also come out to be pretty informative for the first order melting transition of the Bragg-glass in Bi 2 Sr 2 CaCu 2 O 8+δ (BSCCO) (Ref. 15) .
With the establishment of the first order nature of the Bragg-glass to vortex liquid transition line, the focus in the recent years has shifted to the Bragg-glass to vortex-glass transition. In various HTSC materials peak-effect(PE) or fish-tail is used to track this field induced transition from Bragg-glass to vortex-glass, and this transition is obsereved to be a sharp transtion [5] [6] [7] . However, the exact nature of this transition -whether it is a continuous or a first order transition-is not established yet. Very recent magneto-optics studies on single crystal samples of BSCCO claim the presence of phase-coexistence 16 
II. EXPERIMENTAL
In contrast to the polycrystalline samples of CeRu 2 used in our earlier studies [27] [28] [29] showing history effects associated with PE, in the present study we use a single crystal sample of
The details of the preparation and characterization of this sample can be found in Ref. 41 .
Magnetization measurements were performed using a commercial SQUID magnetometer (Quantum Design MPMS5). We have used a 2 cm scan length in the 'fixed-range' mode to minimize the sample movement in the inhomogeneous field of the superconducting magnet.
In the 'auto-range' mode the sample goes through multiple movements while the system software searches for the most sensitive gain useful for the signal level detected. We carried 4 out a separate preliminary run using the auto-range mode to identify the appropriate gain for the given experimental conditions and then performed a final run in the 'fixed-range' mode. In the case of 2cm scan-length, the field inhomogeneity in an applied field of 20 kOe is ≈2 Oe. We have concluded earlier 42 that in an isothermal field scan, as long as the field for full penetration at a particular field value is substantially larger than the field inhomogeneity during the sample measurement, the error in the results in the particular type of measurements reported here will be negligible. Inspite of all these cross-checks, in the light of general doubts 43, 44 concerning the measurement procedure using commercial SQUID magnetometers, it has become important to reproduce the observed history effects using other techniques which minimize the sample movement. In a recent work 45 we have shown the existence of the history dependence of PE in the isothermal field variation of magnetization in polycrystalline samples of CeRu 2 using an axial-VSM (Oxford Instruments).
In the present work we have used a transverse-VSM (Oxford Instruments) to get supporting results. In this transverse VSM the sample is placed in the centre of the pick-up coil and the superconducting magnet assembly, where the magnetic field inhomogeneity is ≈0.01% over 1 cm diameter spherical volume (DSV).
In contrast to the axial-VSM, the direction of sample vibration in the transverse-VSM is perpendicular to the applied field. No significant change is observed in the results by varying the sample vibration amplitude between 0.5 and 1.5mm; this rules out any distinct role of magnetic field inhomogeneity. In any case the field inhomogeneity encountered here is obviously much smaller than that encountered even in the 2cm-scan of SQUID magnetometer.
In magnetization hysteresis measurements, we draw an isothermal magnetization (M) versus field (H) curve by cycling H between ±H C2 at various temperatures (T) below T C .
These T of interest are reached by cooling through T C in absence of any applied field H i.e.
in zero-field-cooled (ZFC) mode. Apart from tracking the history dependence of PE the study of MHLs can provide with at least two more useful information in our present kind of study. First, it provides a way of estimating the field for full penetration at a particular H of interest 27, 42 . The field inhomogeneity δH of the magnet causes the sample to effectively follow an MHL during measurements with a SQUID magnetometer 47 . Since δH rises with scan length, MHLs allow one to estimate the error δM in measurements made with various scan lengths. One can then choose a scan length such that δM is much smaller than the magnetization hysteresis, or, equivalently δH is much smaller than the field for full penetration. Second, a fair amount of information regarding the influence of surface barrier can be obtained from the nature of the approach (linear or non-linear) of these MHLs to the envelope curve 48 . These two information are useful even where the M-H curves are in accordance with the critical state models 46 . Thus the technique of MHLs has universal applicability in determining (i) the effect of field inhomogeneity of the magnet on a measurement (ii) the importance of surface 6 barrier in the magnetization study.
While presenting newer results, the present study on a single crystal sample of CeRu 2 using both SQUID magnetometer and VSM, provides also a cross-check on our earlier results 27-29 obtained on polycrystalline samples mainly using a SQUID magnetometer. This will put the experimental situation regarding the PE in CeRu 2 on a more firm ground. Fig. 1 shows M-H plots of the CeRu 2 single crystal at T=4.5K, obtained using both SQUID magnetometer and VSM. These M-H curves are obtained by isothermally cycling H between ±25kOe. Since H C2 (4.5K) ≈21.5kOe is less than 25 kOe, these provide the envelope hysteresis curve within which all the MHLs should be contained. This envelope M-H curve shows two distinct irreversible regimes separated by an almost reversible regime (see Fig.   1 ). While this intermediate regime appears quite reversible in the SQUID measurement (see inset of Fig. 1(a) ), perceptible irreversibility is observed in the VSM measurement (see inset of Fig. 1(b) ). This field-induced enhanced magnetization-irreversibility in the high field regime is the so called peak-effect (PE) and this is the subject of main interest in the present work. We note that in Fig.1 Fig.1(a) and Fig.1(b) ].
III. RESULTS AND DISCUSSION
We shall now present results obtained in the form of MHLs measured at closely spaced field intervals, after preparing the vortex lattice within the following experimental protocols :
1. Zero field cool (ZFC) the sample to the temperature of measurement, switch on a field less than -H C2 , and then increase the field isothermally to reach various points on the lower envelope curve. (MHL) ZF C 's are drawn by reducing the field isothermally.
2. After the above step, increase the field to a value greater than H C2 and then reduce the field to reach the various points on the upper envelope curve, while maintaining the isothermal condition. (MHL) ZF C 's are drawn by increasing the field isothermally. The MHLs at the onset of the PE regime obtained within the above experimental protocols do not conform with the critical-state models;they do not show the expected merger with the envelope curve (see Fig.2 ). While the (MHL) ZF C 's initiated from the lower envelope curve at H=18.25, 18.75 and 19 kOe saturate without touching the upper envelope curve (see Fig. 2(a) ), the (MHL) ZF C 's initiated from the upper envelope curve at H=18.4
kOe overshoots the lower envelope curve before reaching saturation (see Fig. 2(b) ). The (MHL) F C 's obtained following the FC path also overshoot the envelope curve (see Fig. 2(c) ).
For the sake of clarity and conciseness we show only few representative MHLs.
We have earlier reported We shall now reproduce all these anomalous aspects of MHLs in the vicinity of PE using a transverse-VSM. The observed history effects in YBCO are interpreted in terms of a transition from a low field elastic vortex lattice to a high field plastic vortex lattice [24] [25] [26] . We have previously discussed this mechanism in the context of PE in polycrystalline samples of CeRu 2 , and argued that a first order transition probably has an edge over this mechanism in explaining the history dependent phenomena associated with PE (see Ref.29(b) ). Since then our view point is reinforced by the transport study of the PE on a single crystal sample of probably may be the reason why FC measurements were not reported in earlier studies [24] [25] [26] .
In contrast to the suggestion that the observed history effects are properties of the high field plastic vortex lattice [24] [25] [26] , it is asserted that both the low field and the high field vortex lattice are robust in nature, and the history effects and metastability are associated with the transition regime from the low field to high field phase 51 . This recent observation makes the possibility of a first order transition in YBCO much stronger, and hence the similarity with CeRu 2 .
Contrary to our earlier suggestion based on bulk magnetization study 29 We shall now discuss some recent developments in the field of vortex matter physics [18] [19] [20] [21] since they appear relevant to our experimental results in CeRu 2 . At low tempeartures and at high fields disorder dominates in vortex matter and topological defects proliferate, resulting in highly disordered solid . We shall now explore the possibility of a disorder induced first order transition in the vortex matter which can lead to a softening of the vortex lattice. PE will be used as an observable effect of such lattice softening. It will not be totally out of place to mention here that defect induced melting and solid state amorphization is a distinct possibility in real solids and has remained a subject of continued interest 22, 23 . A first order transition in such cases can be characterized by a discontinuous increase in point defects.
IV. CONCLUSION
Based on our results concerning history dependence of PE, we suggest the existence of 
